Introduction
pH and osmolality were adjusted to the respective tissue characteristics (G. morhua: 163 pH = 7.4 and 340 mOsm; invertebrates: pH = 7.4 and 700 mOsm). 164
Gadus morhua (n = 8) were sacrificed and 1 mL blood was withdrawn from the caudal 165 vein and white blood cells were isolated by discontinous Percoll gradient centrifugation 166 (with densities: 1.05, 1.06, and 1.07 g mL −1 ) spun at 400 G for 40 min and cells 167 collected from the 1.05:1.06 g mL −1 interface. 168 0.8 mL circulating fluid was sampled of each invertebrate species (with n = 8 per 169 species). C. maenas was bled from an unsclerotized membrane of the pereiopods. M. 170 edulis hemolymph was withdrawn from the aductor muscle. Coelomic fluid of A. 171 rubens was sampled from the coelomic cavity and C. intestinalis coelomic fluid was 172 extracted from visceral cavity by inserting a syringe from posterior side. 173
Cell density was determined using a Bürker-Türk hemocytometer and cell viability was 174 assessed using the trypan blue exclusion test. Cell viability was > 90% for all 175 preparations. 176
177

Comet assay 178
Single strand DNA breaks were measured using the alkaline comet assay as described 179
by Singh et al. (1988) Films placed in boxes with 0, 25 and 250 µM H2O2 in PBS and embedded cells were 185 exposed for 15 min at 15 °C. After being rinsed in dH2O, one films was placed in PBS 186 without EDTA for 1 h at 15 °C to allow for DNA repair. After exposure, films were9 immediately immersed and stored for four weeks in cold lysis buffer (2.5 M NaCl, 100 188 mM EDTA, 10 mM Tris, 1 vol% Triton X-100, and pH = 10) in the dark. DNA damage 189 levels are stable for up to three weeks when immersed in ice-cold lysis buffer (Collins, 190 2014; Hylland et al., 2016) . Films were rinsed in dH2O, placed in cold Collins' buffer 191 (40 mM HEPES, 100 mM KCl, 500 µM EDTA, pH = 7.6) for 60 min, and incubated in 192 fresh Collins' buffer containing BSA (40 mg mL ) and incubation with Fpg was for 1 193 h at 15 °C. DNA unwinding was performed in electrophoresis buffer (300 mM NaOH, 194 1 mM EDTA and 6 vol% concentrated HCl, pH > 13) for 20 min before electrophoresis 195 was run at 15 V for 25 min. The films were rinsed in neutralization buffer (400 mM 196
Tris and pH = 7.5) for 15 min at room temperature. After films were rinsed in dH2O, 197 they were fixed in 96% ethanol for 1.5 h and air dried overnight in darkness. Baseline values were analyzed using a linear mixed effects (LME) model with species 211 as fixed effect and individuals as random factor. Intra-species differences in DNA 212 damage after peroxide exposures were analyzed in paired t-tests following non-213 significant Shapiro-Wilk and F-tests. Inter-species differences were analyzed in an 214 LME model with species and peroxide treatments as fixed effects, and individuals as 215 random factor. Recovery abilities were analyzed in an LME model with species as fixed 216 effect, and individuals as random factor. Differences in species responses to peroxide 217 exposure and subsequent recovery were analyzed in an LME model with species, 218 peroxide treatments, and recovery as fixed effects, and individuals as random factors. 219
For all LME models DNA damage was the response variable, and inter-species 220 differences were analyzed after significant Wald F-tests with marginal (type III) sum 221 of squares for the respective fixed effects and subsequent multiple comparisons of 222 means with Tukey contrasts and Holm's P-value adjustment for multiple comparisons 223 (Bretz et al., 2011). A level of significance of P = 0.05 was set for the rejection of the 224 null-hypothesis. 225
Results
226
Baseline DNA damage for all species increased as follows: G. morhua (14 %) < C. 227 intestinalis (17 %) < M. edulis (22 %) < C. maenas (25 %) < A. rubens (34 %) (mean 228 values; Fig. 1 ). There were no statistical differences in baseline DNA damage between 229 cells from M. edulis, C. maenas, C. intestinalis and G. morhua. Cells from A.rubens 230 had higher baseline levels than cells from G. morhua and C. intestinalis (P < 0.01 and 231 P < 0.05, respectively). C. intestinalis (P < 0.05), C. maenas and G. morhua (P < 0.001) (Fig. 4) Fig. 3) . 254
We quantified species-specific differences in baseline DNA damage, in susceptibility 256 to oxidative stress and DNA repair capacity of four common and widely distributed 257
invertebrates from different phyla. The circulating cells from the invertebrates were 258 more susceptible to DNA damage caused by oxidative stress than were cod 259 lymphocytes. For cod, which was included as a reference species, both baseline DNA 260 strand breaks and the responses following oxidative stress agreed with published data 261 Varying levels of relative sensitivity have been reported in invertebrates exposed to 294 different contaminants (Table 2 , references therein). Many species had higher 295 sensitivity than blue mussel (Table 2 ). Looking at tissue sensitivity, gill cells were more 296 sensitive than digestive gland and hemolymph cells in bivalves (Rigonato et al., 2005 ; 297 Pereira et al., 2011). Based on the latter studies and studies in Table 2 , it appears, that 298 sensitivity is tissue-specific at a species level and can differ between species within a 299 taxonomic group. Immediate exposure responses were similar in the three sea urchins 300 species studied by El-Bibany et al. (2014; Table 2 ). However, the species differed in 301 their ability to repair strand breaks indicated by slower recovery in one of the species. 302
These differences suggest that repair capacity could have an important role in species Baseline DNA damage of circulating cells of four invertebrate species from different 387 phyla ranged from 14% to 34% strand breaks. Ex vivo 25 µM peroxide exposure for 15 388 mins caused more than 80% strand breaks in circulating cells from mussel, crab and 389 sea star, and 61% strand breaks in tunicate hemocytes, whereas the treatment gave rise 390 to 29% strand breaks in cod lymphocytes. In conclusion, the invertebrate circulating 391 cells were much more sensitive to oxidative stress than were cells from fish. Recovery 392 capacity of species should be addressed more in future studies as it will lead to a better 393 understanding of the overall susceptibility of marine invertebrates to genotoxic stress. 
